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RADIO FREQUENCY TUNER 

Technical Field 

The present invention relates to a radio frequency tuner for analogically and digitally 
modulated signals. Such a tuner may be used to receive terrestrial broadcast signals and 
may also be used for receiving signals from cable and satellite systems. 

Background 

Many digital services are transmitted in parallel with analog services and this situation 
is likely to continue for some time. In many cases, the digital services do not. 
necessarily offer duplicate data streams to the corresponding analog services. An 
example of such an arrangement is where national services may be replicated in those 
digital and analog services but local programming may only be broadcast on the analog 
services. It is therefore a common requirement in receivers that means for both digital 
and analog reception have to be provided. 

Figure 1 of the accompanying drawings illustrates an example of a known type of "dual 
standard" tuner for receiving terrestrial digital and analog services. An antenna input 1 
is connected to a power splitter 2, which is required to buffer the input spectrum to an 
analog path 3 and a digital path 8 while adding minimum degradation to the signal 
quality. The analog path 3 comprises an analog tuner 4, which receives and down 
converts any selected channel to an output intermediate frequency (IF). The output of 
the analog tuner 4 is connected to a surface acoustic wave filter (SAWF) 5, whose 
function is to filter out the desired channel and possibly isolate the video and audio 
information contained within the analog channel. The output of the filter 5 is connected 
to an analog demodulator 6 for demodulating the selected channel. The output of the 
demodulator 6 is connected to an output device illustrated as a common display means 
7, such as a monitor. 

The digital path 8 comprises a digital tuner 9, which down converts the desired channel 
to another intermediate frequency, which may be the same as or different from the 
intermediate frequency in the analog path 3. The output of the timer 9 is connected to a 
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surface acoustic wave filter 10, which filters out the desired channel and provides 
attenuation to adjacent interfering channels. The output of the filter 10 is supplied to an 
IF amplifier 11, which compensates for the insertion loss of the filter 10. The output of 
the amplifier 1 1 is supplied to a further surface acoustic wave filter 12, which provides 
further attenuation to the adjacent interfering channels. The output of the filter 12 is 
connected to a digital demodulator whose output is connected to the common display 
means 7. The demodulator 13 demodulates the received channel and contains an 
analog-digital converter (ADC). The demodulator may provide further gain. 

In the arrangement shown in Figure 1, two different tuners 4 and 9 are necessary 
because of differences in the performance requirements for digital and analog channels. 
For example, the digital tuner 9 generally requires a higher signal handling capability in 
order to cope with relatively high amplitude adjacent interfering analog signals. Also, 
the digital tuner 9 is generally required to have a superior local oscillator noise 
performance in order to meet the requirements of digital demodulation. Further, the 
digital tuner 9 may be required to cover only a portion of the band covered by the 
analog tuner 4. 

The presence of the power splitter 2 inevitably degrades the signal quality to a greater or 
lesser extent. For example, the power splitter 2 is required to handle a relatively large 
input signal energy and intermodulation products generated within the splitter 2 degrade 
the received signals. Also, the power splitter 2 contributes its own thermal noise to the 
received spectrum and so degrades the noise performance of the tuner. Further, two 
independent tuners are required together with various surface acoustic wave filters and 
this adds to the size and cost of such an arrangement. 

US 6 147 713 discloses a multi standard television tuner capable of receiving analog or 
digital modulated signals. A tuner selects and converts a channel for reception to a 
conventional intermediate frequency, an example of which is given as 9MHz. This is 
converted to digital in an analog-digital converter and the digital video signal is 
subjected to Nyquist lowpass filtering followed by decimation followed by further 
lowpass filtering. 
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US 5 822 704 discloses a mobile telephone capable of receiving analog and digital 
standard signals. The telephone comprises a tuner which converts the selected channel 
to a conventional intermediate frequency and this is followed by quadrature detection. 
This detection process performs down-conversion to baseband. The resulting I and Q 
signals are converted to digital and further processed. 

Summary 

According to the invention, there is provided a radio frequency tuner for analogically 
and digitally modulated signals, comprising a tuner arrangement for converting any 
selected analog or digital channel to baseband or zero intermediate frequency, analog 
quadrature signals, a dual analog-digital converter for converting the analog quadrature 
signals to digital quadrature signals, and a digital signal processor for processing said 
digital quadrature signals, said processing including performing channel filtering to pass 
said selected channel and substantially to reject other channel signals. 

The tuner may comprise a remodulator for converting an analog channel processed by 
the processor to an analogically modulated signal at a predetermined intermediate 
frequency. The intermediate frequency may be a non-zero intermediate frequency. 
The remodulator may comprise a digital remodulator and a digital-analog converter. 

The processor may be arranged to correct quadrature conversion errors in the tuner 
arrangement. 

The tuner may comprise a dual analog anti-alias filter between the tuner arrangement 
and the analog-digital converter. The anti-alias filter may be a low pass filter. The 
dual anti-alias filter may be the only filtering between the tuner arrangement and the 
analog-digital converter. 

The processor may have selectable filtering characteristics for different modulation 
standards. 

The tuner may comprise a digital demodulator connected to the first output. 
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The tuner may comprise an analog demodulator connected to the second output. 

The tuner may comprise a single monolithic integrated circuit. 

It is thus possible to provide a tuner for analog and digital signals requiring only a 
single tuner arrangement. Also, it is not necessary to use surface acoustic wave filters. 
In particular, such filters can be replaced by simple low pass filters in the analog domain 
and most channel filtering can be performed in the digital domain. The absence of 
surface acoustic wave filters eliminates the requirement for compensating gain stages. 
The system power, cost and size such as circuit board area may therefore all be 
substantially reduced. Further, it is unnecessary to provide a power splitting function at 
the input so that the degrading affects on signal-to-noise and system-to-modulation 
performance can be avoided. 

Brief Description of Drawings 

Figure 1 is a block circuit diagram of a known type of multi-mode tuner for terrestrial 
signals; and 

Figure 2 is a block circuit diagram of a tuner constituting an embodiment of the 
invention. 

Like reference numerals refer to like parts throughout the drawings. 
Detailed Description 

The tuner shown in Figure 2 comprises an antenna input 1 connected to a digital path 8 
but not connected to an analog path 3 so that no power splitting is required at the input 
of the tuner. The digital path 8 comprises a common tuner 20, which performs 
quadrature down conversion of any selected analog or digital channel to zero 
intermediate frequency or baseband. The I and Q outputs of the common tuner 20 are 
connected to a quadrature low pass anti-alias filter 21, which filters out the desired 
channel and provides initial attenuation of adjacent channels and channels at aliasing 
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frequencies. The outputs of the filter 21 are connected to a dual analog-digital converter 
(ADC) 22, which digitises the baseband quadrature signals. 

The digital signals from the converter 22 are supplied to a digital signal processor 23. 
The processor 23 corrects for quadrature conversion errors introduced, for example, by 
the common tuner 20. The processor 23 also corrects for imbalances in the filter 21 and 
may provide appropriate feedback signals to the filter 21 . The processor 23 also 
performs channel filtering in the digital domain. The channel filtering may have 
different selectable characteristics so as to adapt the filtering to the needs of the 
modulation standard of the channel being received. 

The output of the processor 23 is connected to a digital demodulator 13, whose output is 
connected to a common display means 7. The output of the processor 23 is also 
connected to a digital remodulator and digital-analog converter (DAC) 24. The 
remodulator receives the filtered channel information from the processor 23 and 
performs digital quadrature modulation to an intermediate frequency compatible with 
analog demodulation. The remodulated signal is converted to an analog signal and may 
be subjected to some simple "loose" output filtering to remove digital artefacts. The 
remodulated analog signal is supplied to an analog demodulator 6, whose output is 
supplied to the common display means 7. Thus, the analog path 3 comprises only the 
analog demodulator 6. 

As an alternative, the remodulator and DAC 24 and the analog demodulator 6 may be 
replaced by a demodulator which operates in the digital domain to recover the analog 
signal and which is connected directly to an output of the processor 23. 

It is thus possible to provide a system which substantially simplifies the requirements 
for mixed modulation receivers. A dual tuner arrangement is replaced with a single 
tuner and all surface acoustic wave filters can be eliminated from the system. The 
filtering is replaced by simple low pass filters in the analog domain and these may be 
integrated onto a monolithic integrated circuit containing the tuner so as to reduce 
system size and cost. Channel filtering is largely performed in the digital domain and 
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does not require extra resources as such filtering is generally already present in 
conventional arrangements, for example within digital demodulators. 

The elimination of surface acoustic wave filters removes the requirement for 
compensating gain stages so that power consumption can be reduced and less circuit 
board area is required, thus leading to reduced costs. The use of a common tuner for all 
types of signals removes the requirement for power splitting at the input of the tuner so 
that the degrading effects of such power splitting on noise and intermodulation 
performance can be avoided. 



